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Abstract:
There would seem to be only individual clinical experience and some anecdotal evidence about a relationship between the width of the great auricular nerve (GAN) and the size of the main trunk of the facial nerve (FN) during parotidectomy. To our knowledge there are no anatomical studies published. 

In this cadaveric and clinical study, we measured the greatest width of the GAN, as it crossed the sternomastoid muscle before it divided, and the main trunk of the facial nerve, before it bifurcated. Measurements were obtained in 16 patients requiring formal superficial parotidectomies with facial nerve identification, and 21 cadavers (16 formalin fixed and 5 fresh frozen) where both sides were dissected. We recorded the results as well as the side of the dissection. 

The mean (SD) width of the GAN and facial nerve from all the dissections was 2.75 (0.53) mm and 2.83 (0.54) mm respectively. A strong correlation was found between the width of these nerves from both sides (Left, r=0.934, P<0.001; right r=0.940 P<0.001) There was no significant difference in size between these nerves in patients or cadavers (GAN right, p = 0.873, left, p = 0.486.  FN right, p = 0.931, left, 0.691) 
Our study has found that the GAN is an accurate predictor of the size of the main trunk facial nerve width. This is particularly useful surgically for example, when the GAN width is found to be small thereby alerting the surgeon to a small facial nerve. 
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Introduction

The great auricular nerve (GAN) is at risk of injury during many procedures in the head and neck and is reported as the nerve most commonly injured in rhytidectomy​[1]​. Deliberate sacrifice of the GAN owing to tumour involvement or for improved surgical access may be appropriate, but accidental iatrogenic injury of this structure is undesirable and significantly affects a patient’s quality of life​[2]​.


The GAN leaves the cervical plexus at the posterior border of the sternocleidomastoid muscle (Erb’s point) and courses anteriorly over the lateral surface of this muscle​[3]​. It then courses superiorly, dividing into anterior and posterior branches which supply sensation to the skin overlying the parotid gland and lower pole of the ear​[4]​. Preservation of the posterior branch of the GAN where possible has been recommended to retain the sensation to the ear and neck​[5]​. Preservation of this branch is associated with a lower post-operative sensory morbidity, a feature stressed by Brown and Ord who recommend preservation of this branch during routine parotid surgery​[6]​.

During many parotidectomies, where formal identification of the main trunk of the facial nerve has been required (as opposed to extracapsular dissection), we have often thought that there might be a relationship between the width of the GAN and that of the main trunk of the facial nerve when it is subsequently identified. This has been particularly relevant with patients found to have a small width GAN who were also found to have small facial nerve trunks. Others have reported similar findings​[7]​,​[8]​ although these reports are anecdotal.

Clinical studies on the GAN have primarily focused on its injury and associated sequelae after surgical procedures, but to our knowledge there are no anatomical studies that have investigated whether a relationship exists between the GAN and main trunk of the facial nerve. Papers published to help surgeons with dissection of the main trunk of the FN during parotid surgery do not refer to any anatomical relationship​[9]​.

We undertook a clinical and anatomical study to assess relationship between the greatest width of the GAN as it crossed the sternomastoid muscle before bifurcating and the main trunk of the facial nerve 



Methods 

This was a collaborative study between the Department of Oral and Maxillofacial Surgery, Queen Alexandra Hospital in Portsmouth, Department of Histopathology in Salisbury District Hospital and the Department  of Anatomy and Human Sciences at Guy’s Campus, Guys, King’s and St Thomas’ Medical School. 
The study was carried out on 16 patients undergoing parotid surgery who required formal identification of the main trunk of the facial nerve, and on 21 cadavers (16 formalin fixed and 5 fresh frozen) for which both sides were dissected. The GAN was exposed and its greatest width was measured as it crossed the sternomastoid muscle using either callipers in the dissection room or a small piece of a cut millimetre rule in theatre (as callipers could not be sterilised). At surgery, the widths of the nerves were recorded to the nearest 0.5mm (Figures 1A and 1B). The callipers enabled a much more accurate measurement of the nerves in the dissection room to the nearest 0.1mm (Figures 2A and 2B)   

 The main trunk of the facial nerve (FN) was then identified using standard surgical techniques and its width was measured before it bifurcated. The anatomical side and the patient/cadaver ages were also recorded.


Results

There were 19 men and 18 women whose data were included in the study.  Sixteen formal parotidectomies (7 male, 9 female) were included and with the 21 cadavers both sides were dissected (42 sides). The formalin fixed group was 9 women and 8 men.   All except one of the fresh frozen cadavers (n=5) were male.

The means and standard deviations for each nerve in the different groups are shown in table 1.   The fresh frozen cadavers had larger mean diameters than the other groups, with slightly smaller standard deviations, although the reduced spread is probably because of the small sample size.
  

Differences between the live, fresh frozen and formalin fixed measurements
Due to the small size of the fresh frozen cadaver group non-parametric Kruskal-Wallis tests were used to see if there was a difference in nerve width between the three different groups. None of the probabilities suggested the groups to be different (highest p = 0.931 for right FN, and lowest p = 0.486 for left GAN). 
Pearson’s product moment correlations coefficients (and probabilities) were calculated to assess association between GAN and FN diameters, 
A strong positive correlation between these nerves was found for both left (r=0.934, P<0.001) and right (r=0.940 P<0.001) sided dissections (Figures 3 and 4 illustrate these relationships).  
Regression analysis demonstrated ability to explain 95% of the variation in diameter of the facial nerve from measurement of the GAN. The models (table 2) provide values for the right side, left side, and mean data from right and left measurements, where both sides were available. Although the models were generated over a small sample, the confidence intervals for the coefficients are small, demonstrating consistency.  Similarly the fit statistics (R2 adjusted R2 and the standard errors of estimates) are indicative of a good fit to the data. These results confirm that the experiential and anecdotal relationships observed between GAN and facial nerve dimensions are supported by measurement and analysis.


Discussion

Our results demonstrate a strong correlation between the width of the GAN as it crosses the sternomastoid before bifurcating and the width of the FN. Therefore, during a formal parotidectomy, finding a small GAN will predict a small FN trunk. Other novel techniques to ensure the safe identification of the facial nerve in addition to standard methods can be considered​[10]​.


The great auricular nerve originates from the cervical plexus at the levels of C2 and C3 and provides sensory innervation to the skin overlying the parotid gland, external ear, and posterior auricular region​[11]​. It has no motor component​[12]​ although we have previously found an anatomical variant whereby the GAN communicated with the marginal mandibular branch of the facial nerve. Other communications with the facial nerve and sensory branches of the trigeminal nerve are well reported​[13]​.

Our results did not provide any statistical evidence to support the theory that width of the GAN and FN in the formalin fixed cadavers was significantly smaller than in fresh frozen cadavers, or patients. While the fresh frozen cadavers had widths that were slightly larger than the other two groups, given the small size of this group, and the spread of the data no reliable conclusion can be reached. 

Shrinkage of tissue during processing is a source of controversy. Kerns et al.​[14]​ report that tissue shrinkage is primarily due to intrinsic tissue contractility rather than formalin fixation. On the other hand, Chen et al.​[15]​ report significant shrinkage of head and neck cancer specimens after formalin fixation.Interestingly, our results failed to demonstrate that storing cadavers in formalin is associated with a significant reduction in the dimension of both the GAN and FN- perhaps this is due to the resilience of nerves to the fixation process when compared with other tissues. 


Conclusion

We describe a safe, reliable, and surgically relevant technique for using the width of the GAN to predict the size of the FN, thereby providing surgeons with as much information as possible prior to formally identifying the latter. While there have been anecdotal reports and discussion with colleagues, this study provides evidence of a strong correlation between the size of these two nerves. 
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Figure 1A Great auricular nerve measured at operation using a rule Figure 1B  Facial nerve measured at operation using a ruleFigure 2A Widest dimension of the facial nerve trunk measured using calipersFigure 2B Widest dimension of the GAN measured using calipersFigure 3 Correlation between GAN and FN for the left side (r=0.934; P<0.001)Figure 4 Correlation between GAN and FN for the right side (r=0.940 ;  P<0.001)VariableLive CasesFresh frozen cadaversFormalin fixed cadaversAll cases togetherRight GAN 2.8 (0.62)2.9 (0.45)2.8 (0.62)2.8 (0.59)Left GAN2.6 (0.49)2.9 (0.40)2.7 (0.43)2.7 (0.45)Right FN2.8 (0.67)3.0 (0.55)2.8 (0.67)2.9 (0.64)Left FN2.8 (0.43)3.0 (0.47)2.8 (0.40)2.8 (0.42)Table 1 Means (and standard deviations) of the right and left great auricular nerves (GAN) and facial nerve (FN)  for each group VariableOptimum Right side model coefficientsOptimum  left side modelOptimum mean modelGAN(R)1.021 (0.013)GAN(L)1.034 (0.010)Mean GAN1.033 (0.012)95% CI for coefficient0.994-1.0470.762-0.9091.007 – 1.058R2/Adjusted R20.995/0.9940.997/0.9970.996/0.996Standard error of estimate0.21830.15790.1907Table 2 Regression models, and fit statistics to predict facial nerve measurements from GAN. Dependent variables for the models are the facial nerve measurements (right, left and then mean)
